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Abstract

The deaf-mute students have limited communication and knowledge, which result in
their limitations in learning mathematics. This study aims to determine the development
of the deaf-mute student in learning mathematics, especially about a fraction. The
research method used is the Single Subject Research (SSR) by implementing the
Indonesia Realistic Mathematics Education IRME) approach by using the context of
pipettes. The research subject consisted of one deaf-mute-male student in seventh grade
at the special education public school 2 in Bantul, Indonesia who got handling in the
learning process using IRME approach. The research subject was purposively chosen
based on the character of a research subject who have difficulty in understanding the
topic of the fraction. The research subject received eight treatments, three meetings for
the baseline phase and five meetings for the intervention phase, during approximately
two months. This research instrument uses videos to see the learning process and when
students work on the given problems, photos to refer the results of student work, and
written test in worksheets to get the data on student’s work. The data analysis technique
used is analyzed in conditions and between conditions with A-B research design to
describe the development of student who has special characteristic in the fraction
learning process. The research results show that the implementation of IRME approach
using the pipette context can improve the understanding of fraction concepts and the
learning outcomes of the deaf-mute student.
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Introduction

One of the physical abnormalities in children is deafness that has barriers in
communication because of weak hearing, resulting in limited mastery of language
and knowledge (Cole & Flexer, 2015; Schick et al., 2007). Several indicators show
that a child experiences hearing problems, namely not responding when spoken to,
cannot speak clearly, often presses the ear, requests that the information conveyed
be repeated, and the ability to speak very slowly (Thompson, 2010). Therefore, deaf
student educators must be explicitly aware of the child's ability factors (Lang &
Steely, 2003; Kritzer, 2009; Colin et al., 2007). Gottardis et al. (2011) argues that deaf
students lag behind their hearing peers in mathematics. Thus, there needs to be
increased attention and encouragement to reform mathematics in deaf education
(Pagliaro, 1998; Adler et al., 2014). On the other hands, it is of great importance that
deaf children have adequate access to mathematical thinking, but unfortunately,
most deaf children show a severe delay in mathematics learning that has been
persistent over many years (Nunes, 2014). So, deaf-mute students have limited
communication and knowledge, which results in lagging behind their hearing peers
in learning mathematics.

Realistic Mathematics Education (RME) has long been developed in the
Netherlands in 1970 by the Freudenthal Institute which is a mathematics learning
approach (Gravemeijer, 2008; Khairunnisak et al, 2012; Lestari et al., 2018;
Prahmana et al., 2012). RME began to be applied in Indonesia in 2001 as PMRI
(Pendidifan Matematika Realistif Indonesia) or Indonesian Realistic Mathematics
Education IRME) (Sembiring, 2010; Prahmana et al., 2012). IRME starts from the
context (real experience) in everyday life by students towards formal mathematics of
student knowledge (Khairunnisak et al., 2012; Nasution et al., 2018; Saleh et al., 2018;
Karaca & Ozkaya, 2017). The implementation of IRME can change mathematics
learning to be more meaningful and enjoyable (Lestari et al., 2018; Prahmana et al.,
2012; Maulydia et al., 2017). Therefore, the realistic mathematics education approach
can transform mathematics learning into more meaningful and enjoyable through
the context of daily life that is transformed into mathematical problems.

One of the mathematical problems that can be transformed in everyday life is the
concept of fractions. Fractions are the essential subject matter to learn (Misquitta,
2011; Gabriel, 2016; Mujahid et al., 2017; Avcu, 2018). However, many students
have difficulty understanding the concept of fractions (Nasution et al, 2018;
Mousley & Kelly, 2018; Fitri & Prahmana, 2019). On the other hand, the deaf
students have difficulty understanding the concept of fractions in the mathematics
learning process (Markey et al., 2003; Misquitta, 2011; Mousley & Kelly, 2018). In
line with the above problems, through the application of IRME, students can
gradually understand the concept of fractions (Nasution et al., 2018; Saleh et al.,
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2018; Warsito et al., 2019). Thetrefore, the Indonesian Realistic Mathematics
Education approach can be applied to learning fraction for deaf-mute students.
Fractions involve complex problems for students (Warsito et al., 2019; Fitri &
Prahmana, 2019). The implementation of Single Subject Research (SSR) can describe
the increase in fractional counting operations for fifth grade deaf students through
realistic mathematics approach (Ramadhani & Tarsidi, 2017). In line with that,
Warsito et al. (2019) state that with realistic mathematics learning principles, context
becomes an integral part of embedding the concept of fractions. Understanding
fractions is a fundamental mathematical skill, so students need to know where the
fractions are in the number line (Mousley & Kelly, 2018; Fazio et al., 2016; Fitri &
Prahmana, 2019). Seeing many researchers who apply realistic learning, the use of
pipette contexts can make it easier for deaf-mute students to understand the concept

of fractions on a number line.

Method

This type of research used the descriptive analysis with the Single Subject Research
(SSR) research method which aims to determine the development of class VII deaf-
mute student in fractional material. Single-subject research plays an important role
in the development of evidence-based practice in special education (Horner et al.,
2005). In this study of research used the A-B design. The first condition was called
baseline (A), the subjects were assessed at several sessions until they appeared stable
without intervention, after the baseline condition (A) stabilized the intervention
condition (B) began to be applied within a certain period of time until the data was
stable (Fraenkel & Wallen, 2009).

This study uses the pipette context by implementing a realistic mathematics
education approach to determine the role of context in the introduction of the
concept of fractions in deaf-mute students. The researcher designed the learning
process in five meetings for the intervention phase, starting from the introduction
of fraction using the pipette context until the implementation of the fraction to solve
some daily life problem. Furthermore, the researcher used the SSR research method
to describe the development of students who possessed these characteristics in the
fraction learning process.

Participant

The research subject of this study was one of the seventh-grade deaf-mute students
as a single subject. The student has difficulty understanding the fraction material. He
is a deaf-mute student who has limited communication and knowledge, which result
in his limitations in learning mathematics. Typically, he is a seventh-grade student.
This research was conducted at Public Special School in Bantul, Indonesia.
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Data Collection

This research was carried out in eight meeting in the even semester of the 2018/2019
academic year for approximately two months at the special education public school 2
in Bantul, Indonesia. In the first three meetings namely the baseline phase, the
researcher gave a number of problems related to the topic of fraction to be solved
by the student. In each meeting, the researcher only provides the explanation of how
the question must be solved without providing assistance with how to solve it. The
results of this phase are used as the basis for researchers in designing the learning
activities that are implemented in the intervention phase. Furthermore, in the last
five meetings namely intervention phase, the researcher implemented the learning
activities that have been designed using the IRME approach and the pipette context.
At the end of the learning process at each meeting, researchers provide problems that
must be solved by student. The results obtained by students are used as a basis in the
process of developing students' understanding of the topic taught namely fraction. In
this research, the dependent variables are the understanding in fraction and learning
outcome of student and the independent variable is IRME approach by using the pipette
context.

The data collection techniques of these studies are video recordings,
documentation, and written tests (Fraenkel & Wallen, 2009). The instruments used
are based on data collection techniques, namely videos, photos, and written student
test sheets. The video is used to describe learning activities at the intervention phase
and when students work on the questions given by the researcher. Photos are used
to document the learning process taking place, and the results of students' written
tests are evidence in conducting research and as the material for analysis. The
students' written test sheet contains the students’ answer in solving the questions
given by the researcher with each item validated by the lecturer as the validator. The
validation process started with making a question form containing the indicators of
mathematical understanding for the fraction. Each question made is developed
based on the textbooks that student uses in school and the indicators designed by
the researcher. Furthermore, the questions that have been made are validated by the
lecturer qualitatively related to the construct and contents of the question. This
instrument is used to see the effects that occur after the research is conducted.

Data Analysis

The data analysis technique uses analysis in conditions and between conditions, with
A-B research design (Fraenkel & Wallen, 2009). Sunanto et al. (2005) stated that
there are six phases in the analysis of circumstances. The first is the length of the
term stating the number of sessions or meetings conducted during the study in the
baseline phase and intervention. Second, the direct tendency is used to see the
description of the behavior of the subject being studied. Third, stability trends are
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used to know the stability of each phase. The researcher used a stability tendency of
15%. Fourth, data traces or trend traces in each measurement phase are used to see
whether the data can be said to decrease (-), up (+) or flat (=). Fifth, stability and
range levels are used to see how large or small the range of data groups are in the
baseline phase or intervention. Sixth, changes in level indicate the magnitude of data
changes in one period.

Furthermore, the analysis between conditions is almost the same as analysis in
conditions (Sunanto et al., 2005). Both of them discussed the same thing. First, the
number of variables changed, namely the number of dependent variables in the
study. Second one changes in the direction and effect tendencies can take the data
in the analysis under conditions. Third one changes in the tendency of stability from
the baseline phase to the intervention, namely to see phase changes before or after
the intervention based on the analysis in the condition. Fourth, level changes are
used to see changes that occur based on the difference in data points. Fifth, the
overlap percentage is used to see the effect of the intervention on changes that are
better or worse by the target behavior.

Results and Discussion

This research was conducted for eight days, in the baseline phase, there were three
sessions, and the intervention phase was done in 5 sessions. The time or duration of
the implementation of the intervention phase measurement is different for each
course, according to the conditions of the student. The dependent variable in this
study is the ability of the student to solve problems related to fractions. Furthermore,
the independent variable is the use of the pipette context to see student learning

outcomes. The student learning outcomes in this study are in Table 1.

Table 1.
Student Result
Phase Implementation Date Score
Baseline (A) 19 March 2019 24
20 March 2019 28
21 March 2019 26
Intetvention (B) 25 March 2019 84
26 March 2019 84
27 March 2019 100
01 April 2019 84

02 April 2019 90
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Table 1 shows the measurement of scores obtained by students in solving
problems in fractions. It is seen that in the initial condition or baseline phase, the
score received is deficient, while in the intervention phase, it increases, as presented
in graphical form in Figure 1.

100 § Baseline (4) Intervensi (B)

Score
h
n

Session

Figure 1.
The Visual Data of Baseline Phase and Intervention Phase

Furthermore, the data obtained is analyzed, namely:
1. The Analysis in Conditions

a. Length of Condition
Figure 1 shows a graph of student learning outcomes using A-B research
design. The length of the measurement phase is three sessions for the baseline
(A) and five sessions for intervention (B).

b. Direction Tendency
Figure 2 shows the direction trends obtained through the intersection of vertical
lines that divide the same part in each phase with a graph (split-middle).
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Figure 2.
Trends in Subject Direction

c. Stability Trends

The stability criteria used a stability tendency of 15% to determine the stability
range, upper limit, and lower limit for each phase. The mean level, upper limit,
and lower limit in the baseline phase and intervention phase. Figure 3 shows
that the baseline phase data points are in the upper limit range (green) and the
lower limit (purple) which is 3. The percentage of baseline phase data points
that are in the range of stability is 100% then the data is declared stable. In
the intervention phase there are four data points in the upper limit range
(green) and the lower limit (purple). The percentage of intervention phase
data points that are in the range of stability is 80% of the data is declared
stable, because the range of data is at intervals of 80% - 100%.
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Figure 3.

Mean Level, Upper Limit, and Lower Linit in the Baseline Phase and Intervention Phase

d. Data Trace or Trace Trends

Both phases show a flat tendency due to improved but less visible changes.

e. Stability Level

The calculation of the level of stability of the data can be seen in the calculation
of stability trends. The data baseline phase is stable with a range of 24 — 28

and the data intervention phase is stable with a range of 84 — 100.

f. Level Change

In the baseline phase there was a difference of 2, meaning a change and the

intervention phase obtained by the difference of 6 also showed a change

(improved). All components that have been calculated can be summarized as

in Table 2.
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Table 2.
Summary of Visual Analysis Results in Conditions
No Condition or Phase Al B2
1. Length of Condition 3 5
2. Direction Tendency _—
3. Stability Trends Stable Stable
(100%) (80%)
4. Data Trace or Trace Trends —_—
(=) (=)
5. Stability Level Stable Stable
24 - 28 84 — 100
6.  Level Change 26 — 24 90 — 84
(+2) (+6)

2. Visual Analysis between Conditions

In this study an analysis was carried out between conditions by comparing the

intervention phase (B) with the baseline phase (A), which is 2:1, which means

that the code for the baseline phase is 1 and the intervention phase code is 2.

There are several stages to analyze between conditions, namely:

a.

Number of Variables

The variable that was changed in this study was an understanding of the
concept of fraction of deaf-mute students in fractions. In Table 3, the number
1 is written which means that the variable changed is only one. In Table 3, the

number 1 is written which means that the variable changed is only one.

. Change in Direction Tendency

Changes in direction trends in the analysis between conditions can be
determined by taking data from the analysis under conditions. Writing
changes in direction trends similar to analysis in conditions, both of which
have a good impact (+).

Changes in Stability Trends

Changes in the tendency of stability in the analysis between conditions can be
determined by looking at the data on the tendency for stability of analysis in
conditions. In this study the changes that occur from the baseline phase to
the intervention phase are stable to stable.

Level Change

The last session data point of the baseline phase was 26 and the first session
data point of the intervention phase was 84. Then disputed to obtain 58 for
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compatison of conditions B:A. Sign (+) means experiencing an increase from
the previous data.

e. Percentage of Overlap
The percentage of overlap of data in the comparison of the baseline phase
and intervention phase is 0%. As a small percentage overlap, the better the
influence of intervention on the target behavior. All components of data
analysis between conditions can be summarized as in Table 3.

Table 3.
Summary of Visual Analysis Results between Conditions
No Comparison of Conditions B1/Al
(2:1)
1. Number of Variables 1
2. Change in Direction Tendency and —_—
Effect (=) (=)
3. Changes in Stability Trends Stable to Stable
4. Level Change (26 — 84)
(+) 58
5. Percentage of Ovetlap 0%

Based on the results of the research that has been carried out, there is an increase
in the understanding of deaf students on fractional material using the pipette
context. Changes that occur can be observed in the graphic image and summary
analysis in Table 2 and Table 3, which includes visual analysis, analysis in conditions,
and analysis between conditions in Figure 2 and Figure 3. To be clearer, researchers
discuss the results of research in each phase, such as:

1. Baseline Phase (A)
Giving the baseline phase is carried out for three days. The baseline given to
students is in the form of a written test sheet regarding fraction material. In the
first session, the researcher instructed students to work on the problem, but
students felt hesitant and not confident to work on the issue. Then the researcher
gives direction about the matter, and students start working. The value obtained
is shallow because students do not yet understand the concept of fractions related
to different denominators, as seen in Figure 4.
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Figure 4.
Results of Student’s Work in the Baseline Phase 1

Furthermore, in the second session, the researchers instructed students to work on
the questions again. Student grades start to increase because students have started to
remember a little about the concept of the same denominator. This increase in value
is not much; around 1-2 points. The information can be seen in Figure 5.
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Figure 5.
Results of Student’s Work in the Baseline Phase 2
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In the third session, the students’ grades declined; this was due to students not
yet understanding the whole concept of fractions as in the first meeting.
Measurements in the baseline phase obtained results, and the location of errors
was almost the same. It shows that students experience difficulties in certain
parts, namely in different denominators. Students can equate the denominator
by changing all denominators in the form of least common multiple (LCM), but
when operating the sum of fractions the numerator value has not been adjusted,

as shown in Figure 6.
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Figure 6.
Results of Student’s Work in the Baseline Phase 3

The numerator adjustments that have not been done by these students, indicate
the existence of prerequisites that students have not mastered before carrying out
the operations of adding different fractions of the denominator. In order to study
the sum of the mentioned fractions differently, there are several prerequisites that
must be mastered by students, namely the sum of the same denominational
fractions, fractions worth, and least common multiple (Misquitta, 2011; Pitsi,
2016; Reys et al., 2014).

2. Intervention Phase (B)
The intervention phase was carried out for five days. Interventions given to
students in the form of IRME approaches in fraction learning use the context of
pipettes. This approach used is because several researcher documented their
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research using IRME that can be improving the students’ understanding in learning
fraction (Fauzan et al., 2002; Putri & Zulkardi, 2017; Shanty et al., 2011).

In the first session of the intervention phase, the researcher asks students to show a
fraction. Then students show with a number line picture, however, there is a mistake
in the concept of the equality fractions. Students have written number 1 in the number
line, but students also write the fraction of number 1 which is 9/9 (Figute 7).

Figure 7.
The Student’s Mistake in the Concept of the Equality Fractions in Number Line

Furthermore, researchers used pipettes as a medium in developing an
understanding of fraction concepts, as seen in Figure 8. The pipette roles as a
slide or arithmetic ruler and the bookmark roles as a point for writing the
fractions. The use of pipettes is a mathematical model to emerging students'
mathematical understanding from real to abstract.

Figure 8.
Use of the Pipette Context
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Then the researcher instructed students to work on the written test sheets that

had been given. In the first session, students can work on the questions related

to the number line. So that it can be said students begin to master the concept

of fractions regarding number lines. It can be seen in Figure 9.
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Results of Student’s Work in the Intervention Phase 1
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In the second session the researchers used fraction board media, as seen in Figure

10. Then the researcher gave a written test sheet to test how students understood

the fraction learning.

Figure 10.
Student’s Work using Fractional Rods
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The results obtained show that students begin to understand the concept of

fractions in sorting fractions, shown in Figure 11.
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Figure 11.
Result of Student’s Work in the Intervention Phase 2

Measuring the third session of the intervention phase, the researcher explained
how to add different denominations to the denominator using the least common
multiple. In order to obtain results from the sum of the different denominators of
denominations, it must equate the denominator first by finding the least common
multiple from the two denominators or fractions of value (Stafylidou & Vosniadou,
2004; Cramer et al., 2002; Siegler et al., 2011). Then the researcher instructed students
to work on the written test sheet as in the previous session. The results obtained show
that students can understand the explanation of the researcher well, so that the value
obtained increases that can be seen in Figure 12.

Figure 12 shows that students have been able to solve the addition operations of
two fractions that have different denominators. Students are able to carry out
operations to equate the denominator before doing the addition operation on the
numerator. For the process of equating the denominator, students look for LCM
from both denominator numbers and then do multiplication operations on the
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numerator. The entire process of multiplication and addition in each question is able
to be resolved properly, because students already have a good knowledge of number
operations. The number operations is essential knowledge in solving several
problem in learning mathematics, such as operation for fraction numbers (Prahmana
et al,, 2012; Reys et al., 2014; Prahmana & Suwasti, 2014).
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Results of Student Work in the Intervention Phase 3

In the fourth session the researcher gave a written test sheet to students to do as
in the previous session, but the results obtained by students decreased. This is
because students experience errors in calculating multiplication when equating the
denominator. Thus, students are less precise when sorting fractions in descending
order, as shown in Figure 13.

Figure 13 explains that students are able to carry out operations to equate the
denominator process first. After all the denominators for each fraction are equal, the
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students sort the numerator from the highest to the lowest. To find multiplier
numbers so that the denominator is the same, students use LCM on all three
denominators in each fraction. The result of the LCM, also as the multiplier number
in the numerator. LCM is one of the best ways to solve fraction operations that have
different denominators by using the its result as a multiplier number for the
numerator and denominator of the fraction (Avcu, 2018; Cramer et al., 2002; Fazio
et al., 2016; Khairunnisak et al., 2012; Siegler et al., 2011), especially for deaf-mute
student (Matkey et al., 2003; Misquitta, 2011).
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Figure 13.
Result of Student’s Work in the Intervention Phase 4

Furthermore, giving the final intervention phase namely in the fifth session, the
researcher instructed the students to work on the written test sheet as in the previous
session. When students work on questions related to fractions of value, researchers
ask students to include how to work on the question. But students feel confident
and choose not to include ways to work on the problem. Thus, students experience
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errors when calculating in forming a certain pattern in fraction sorting, as shown in
Figure 14.

Figure 14 describes that students have been able to see the pattern of each
numerator and denominator in fractions. It makes the results obtained at the final
meeting better. The student is directly able to multiply each numerator and
denominator with a number pattern that has been found before. However, in the
last problem, the student has not been able to solve the problem completely, because
of his confidant.
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Result of Student’s Work in the Intervention Phase 5

The results obtained by students in the intervention phase, showed an understanding
of the fraction concept after giving the context of the pipette and fraction board based
on the IRME approach in fraction learning. Thus, the IRME approach is able to improve
student learning outcomes in fraction material. In accordance with previous researchers
that the use of the Indonesia Realistic Mathematics Approach (IRME) has helped
students understand the concept of sequential fractions (Fauzan et al., 2002; Putri &
Zulkardi, 2017; Shanty et al., 2011). However, the use of concrete materials alone, i.e. the
context of pipette, does not guarantee successful acquisition of mathematical concepts
(Brown et al., 2009). Sarama and Clements (2009) argue that the main weakness of the
context manipulative is that students can act in a way that is personally meaningful but
not meaningful in the field of mathematics. They found that virtual manipulatives offer
a potential solution because there is a limited set of possible actions that students can
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perform on them. An entirely different theoretical framework for understanding why
realistic concrete matetials may hinder learning: Realistic concrete materials may
sometimes do too much of the work for learners (Martin, 2009). Finally, Brown et al.
(2009) suggest that educators must clearly and consistently link the concrete materials
with appropriate symbol systems. In order for knowledge to be transferred from
concrete topics, students must understand that they do not learn about a new system
isolated from mathematics; rather, they use the concrete materials to develop new
knowledge and understanding of the symbol system in which they usually work.

Conclusion

The role of the pipette context in the introduction of the concept of fractions can
make it easier for deaf-mute student to solve a problem related to fractions. The
development of deaf-mute students in fraction learning through the pipette context
based on the PMRI approach can improve for his learning outcomes. The small size
of the research subject and the single subject research methodology are limitations
to reduce the generalization of the research results. Therefore, the researcher
recommends that the pipette context could be implemented in the class with
randomly sampling with the big size of the research subject, so that that the result
could be generalized. On the other hands, the researcher suggests that another
researcher can develop the learning activities using another context to help the deaf-
mute students in learning another topic in mathematics.

Disclosure and Conflicts of Interest

The authors declared no potential conflicts of interest with respect to the research,
authorship, and/or publication of this article. This research is original work and does
not contain any libelous or unlawful statements or infringe on the rights or privacy
of others or contain material or instructions that might cause harm or injury.
Acknowledgments

We would like to thank Universitas Ahmad Dahlan for providing facilities and
opportunities to develop this research to completion, especially to Drs. Sunaryo,
M.Pd., and Drs. Aris Thobirin, M.Si., as the validator for our research instruments
and also Uswatun Khasanah S.Si., M.Sc., as the head of mathematics education
department who support this research to completion. Then, we thank for SLB N 2
Bantul and their teacher for allowing us to carry out the research.



Learning fraction using the context of pipettes ... 318

Biodata of the Authors

Anisa Fatkhul JANNAH, S.Pd. was born in Sragen, Indonesia.
She is a fresh graduate with Cum Laude predicate from the
Mathematics Education Department, Faculty of Teacher Training
and Education, Universitas Ahmad Dahlan, Yogyakarta,
Indonesia. Her research interests lie in the disabilities student,

inclusion education, single subject research, realistic mathematics
_ education.

Affiliation: Mathematics Education Department, Faculty of Teacher Training and
Education, Universitas Ahmad Dahlan, Yogyakarta, Indonesia

E-mail: anisasajalah95@gmail.com

Phone: +6282137702138

Dr. Rully Charitas Indra PRAHMANA was born in Medan,
Indonesia. He is a Senior Lecturer and Researcher in
Mathematics Education Department at Universitas Ahmad
Dahlan (UAD). His research interests lie in the teacher and
teacher education, mathematics education, higher education,
Ethnomathematics, inclusion education, single subject research,

realistic mathematics education, design research, and youth

practices and their education.

Affiliation: Master Program on Mathematics Education, Graduated Program,
Universitas Ahmad Dahlan, Yogyakarta, Indonesia

E-mail: rully.indra@mpmat.uad.ac.id

Phone: +6281287447886

References

Adler, H., Jacob, B., Kurz, K., & Kusha, R. (2014). Undergraduate research in mathematics
with deaf and hard-of-hearing students: Four perspectives. A Journal of Mathematics, 7(3),
247-264.

Avcu, R. (2018). A cross-national comparison of Turkish and American mathematics
textbooks in terms of fraction division task contexts. Infernational Online Journal of
Educational Sciences, 10(4), 88-106.

Brown, M.C., McNeil, N.M., & Glenberg, A.M. (2009). Using concreteness in education:
Real problems, potential solutions. Child Development Perspectives, 3(3), 160-164.

Cole, E.B., & Flexer, C. (2015). Children with Hearing Loss: Developing Listening and Talking, Birth
to Six. San Diego, CA: Plural Publishing.

Colin, S., Magnan, A., Ecalle, J., & Leybaert, J. (2007). Relation between deaf children's
phonological skills in kindergarten and word recognition performance in first
grade. Journal of Child Psychology and Psychiatry, 48(2), 139-146.



319 Jannah & Prabmana

Cramer, KA., Post, T .R., & delMas, R.C. (2002). Initial fraction learning by fourth-and fifth-
grade students: A comparison of the effects of using commercial curricula with the effects
of using the rational number project curriculum. Journal for Research in Mathematics
Education, 33(2), 111-144.

Fauzan, A., Slettenhaar, D., & Plomp, T. (2002). Traditional mathematics education vs.
realistic mathematics education: Hoping for changes. In Proceedings of the 3rd International
Mathematics Education and Society Conference (pp. 1-4). Copenhagen, Denmark: Centre for
Researh in Learning Mathematics.

Fazio, LK., Kennedy, C.A., & Siegler, R.S. (2016). Improving children’s knowledge of
fraction magnitudes. P/oS Omne, 11(10), €0165243.

Fitri, N.L., & Prahmana, R.C.I. (2019). Misconception in fraction for seventh-grade students.
Journal of Physics: Conference Series, 1188(1), 012031.

Fraenkel, J.R., & Wallen, N.E. (2009). How To Design and Evaluate Research in Education (7th
Ed). New York: Megraw-Hill.

Gabriel, F. (2016). Understanding magnitudes to understand fractions. Awustralian Primary
Mathematics Classroom, 21(2), 36-40.

Gottardis, L., Nunes, T., & Lunt, I. (2011). A synthesis of research on deaf and hearing
children’s mathematical achievement. Deafness & Education International, 13(3), 131-150.

Gravemeijer, K. (2008). RME theory and mathematics teacher education. In The Handbook of
Mathematics Teacher Education: Volume 2 (pp. 283-302). Leiden: Brill Sense.

Horner, R.H., Carr, E.G., Halle, J., McGee, G., Odom, S., & Wolery, M. (2005). The use of
single-subject  research  to  identify  evidence-based  practice in  special
education. Exceptional children, 71(2), 165-179.

Karaca, S.Y., & Ozkaya, A. (2017). The effects of realistic mathematics education on
students’ math self reports in fifth grades mathematics course. International Journal of
Curricnlum and Instruction, 9(1), 81-103.

Khairunnisak, C., Maghfirotun, S., & Junia, A.D. (2012). Supporting fifth graders in learning
multiplication of fraction with whole number. Journal on Mathematics Education, 3(1), 71-
86.

Kiritzer, K.L. (2009). Barely started and already left behind: A descriptive analysis of the
mathematics ability demonstrated by young deaf children. Journal of Deaf Studies and Deaf
Education, 14(4), 409-421.

Lang, G.H., & Steely, D. (2003). Web-based science instruction for deaf students: What
research says to the teacher. Instructional Science, 31(4-5), 277-298.

Lestari, S.A., Saragih, S., & Hasratuddin. (2018). Developing learning materials based on
realistic mathematics education with malay culture context to improve mathematical
communication ability and self-efficacy of students in SMPN 2 Talawi. American Journal
of Edncational Research, 6(11), 1473-1480.

Markey, C., Power, D., & Booker, G. (2003). Using structured games to teach early fraction
concepts to students who are deaf or hard of hearing. American Annals of the Deaf, 148(3),
251-258.

Martin, T. (2009). A theory of physically distributed learning: How external environments
and internal states interact in mathematics learning. Child Development Perspectives, 3(3),
140-144.



Learning fraction using the context of pipettes ... 320

Maulydia, S.S., Surya, E., & Syahputra, E. (2017). The development of mathematics teaching
material through realistic mathematics education to increase mathematical problem
solving of junior high school students. International Journal of Advance Research and Innovative
Ideas in Education, 3(2), 2965-2971.

Misquitta, R. (2011). A review of the literature: Fraction instruction for struggling learners in
mathematics. Learning Disabilities Research & Practice, 26(2), 109-119.

Mousley, K., & Kelly, RR. (2018). Developing deaf students fraction skills requires
understanding magnitude and whole number division. Journal of Education and 1 earning,
7(2), 12-20.

Mujahid, F.N., Choiri, A.S., & Sunardi. (2017). Single subject research: Increasing
mathematics learning outcomes of the additive fractions using fractional block media
toward students with visual impairment. Ewrgpean Journal of Special Education Research, 2(2),
89-104.

Nasution, M.F., Putri, R.I., & Zulkardi. (2018). Rowing sport in learning fractions of the
fourth grade students. Journal on Mathematics Education, 9(1), 69-80.

Nunes, T. (2014). Deaf children, special needs, and mathematics learning. In: Lerman S.
(eds), Encyclopedia of Mathematics Education (pp. 141-143). Dordrecht: Springer.

Pagliaro, C.M. (1998). Mathematics reform in the education of deaf and hard of hearing
students. Awmerican Annals of the Deaf, 143(1), 22-28.

Pitsi, M.E. (2010). Identifying common misconceptions and associated etrors the grade 9
learners make when adding and subtracting common fractions. Doctoral Dissertation.
Johannesburg: University of Johannesburg.

Prahmana, R.C.I., & Suwasti, P. (2014). Local instruction theory on division in Mathematics
GASING. Journal on Mathematics Education, 5(1), 17-26.

Prahmana, R.C.I., Zulkardi, & Hartono, Y. (2012). Learning multiplication using Indonesian
traditional game in third grade. Journal on Mathematics Edncation, 3(2), 115-132.

Putri, R.LL, & Zulkardi. (2017). Fraction in shot-put: A learning trajectory. AIP Conference
Proceedings, 1868(1), 050005.

Ramadhani, T.H., & Tarsidi, I. (2017). The implementation of realistic mathematical
approaches to improve fraction counting ability in class V SDLB for deaf students [in
Bahasa). [ASST ANAKKU, 18(1), 55-61.

Reys, R., Lindquist, M., Lindquist, M.M., Lambdin, D.V., & Smith, N.L. (2014). Helping
Children Learn Mathematics. New Jersey: John Wiley & Sons.

Saleh, M., Prahmana, R.C.I1,, Isa, M., & Murni. (2018). Improving the reasoning ability of
elementary school student through the Indonesian Realistic Mathematics Education.
Journal on Mathematics Education, 9(1), 41-54.

Sarama, J., & Clements, D.H. (2009). “Concrete” computer manipulatives in mathematics
education. Child Development Perspectives, 3(3), 145-150.

Schick, B., De Villiers, P., De Villiers, J., & Hoffmeister, R. (2007). Language and theory of
mind: A study of deaf children. Chld Development, 78(2), 376-396.

Sembiring, R.K. (2010). Indonesian Realistic Mathematics Education (IRME): Its
development and challenges [in Bahasa]. Journal on Mathematics Education, 1(1), 11-16.
Shanty, N.O., Hartono, Y., Puri, RII, & Haan, D.D. (2011). Design research on

mathematics education: Investigating the progress of Indonesian fifth grade students’



321 Jannah & Prabmana

learning on multiplication of fractions with natural numbers. Journal on Mathematics
Education, 2(2), 147-162.

Siegler, R.S., Thompson, C.A., & Schneider, M. (2011). An integrated theory of whole
number and fractions development. Cognitive psychology, 62(4), 273-296.

Stafylidou, S., & Vosniadou, S. (2004). The development of students’ understanding of the
numerical value of fractions. Learning and Instruction, 14(5), 503-518.

Sunanto, J., Takeuchi, K., & Nakata, H. (2005). Introduction to Research with Single Subjects.
University of Tsukuba: Center for Research on International Cooperation in Education

Develpment (CRIED).
Thompson, J. (2010). The Essential Guide to Understanding Special Educational Needs. Hatlow:

Pearson Education Limited.
Warsito, Nuraini, Y., & Muhtadi, D. (2019). The design learning of fraction with realistic
mathematics education in elementary school. Journal of Physics: Conference Series, 1180(1),

012110.



